ODC-free solvents into full-scale reusable solid rocket motor cleaning operations has 2. Since these solvents evaporate very slowly, in some cases the holes could not be completely dried without some mechanical assistance.
presented problems due to the low vapor pressures of the solvents.
Because of slow evaporation, solvent retention is a problem on porous substrates or on surfaces with irregular geometry, such as threaded boltholes, leak check ports, and nozzle backfill joints.
The new solvents are being evaluated to replace 1,1,1trichloroethane, which readily evaporates from these surfaces. Selection of the solvents to be evaluated on full-scale hardware was made based on results of subscale tests performed with flat surface coupons, which did not manifest the problem. Test efforts have been undertaken to address concerns with the slowevaporating solvents.
These concerns include effects on materials due to long-term exposure to solvent, potential migration from bolthole threads to seal surfaces, and effects on bolt loading due to solvent retention in threads. The concern with the nozzle joints is that long- The RSRM nozzle-to-case joint is illustrated in Figure 1 Figure 2 shows a typical RSRM nozzle backfill gap, along with solvent wiping areas, and silicone elastomer bonding surfaces.
Tests were conducted on simulated backfill gaps, which consisted of phenolic panels clamped together with a shim to simulate a nozzle backfill gap. Three edges of the panel were taped, leaving one edge to simulate the flame surface of the nozzle. The clamped panels were fixed at an angle that would simulate joint orientation. Figure 3 shows the test fixture. One set of panels was prepared for each ODC-free solvent and for the TCA control. Visual inspection noted no grease residues in any of the cleaned holes; however, evidence of residual solvent could be seen in the hole threads cleaned with ODC-free solvents.
Solvent-Wiped Flame Surface

Cargon-Cloth
Greased and cleaned holes were sampled with Teflon filters along the length of both boltholes and the top-plate through-bore. Since precise sampling of each test article was not possible, the amount of grease and solvent residues could not be quantified. Analysis of the 100 p.g standards showed that not all of the components of each solvent were detectable with the GC/MS headspace analysis. Table   7 lists the individual components of both Plus 4 and PF Degreaser and notes those that were detectable. "short-duration" and "long-duration" migration studies are also shown in these figures.
Several
important points can be noted from Figure 4 (short-duration samples):
• "l'here is a large variability in the amount of solvent removed from threaded holes using vacuum. This can be see by comparing values for holes "A" and "B" for the same solvent in the short duration samples.
•
At locations inside or immediately adjacent to threaded holes, ODC-free solvents are present in higher concentrations than TCA.
• At locations farther from threaded holes, ODC-free solvents and TCA have similar surface concentrations.
In the case of PF Degreaser, the long chain hydrocarbon components (undecane and dodecane) are preferentially retained over the limonene component, as shown by an increa_ in the ratio of hydrocarbon-tolimonene concentrations. This apparent depletion in the limonene component could be due to the preferential evaporation during removal of solvent by vacuum.
From Figure  5 (long duration samples), additional points can be noted:
• TCA appears to move out of the assembled joint under the simulated long duration storage conditions. This is shown by the lower TCA concentrations on and adjacent to both "A" and "B" holes compared to those of the short duration TCA samples.
• ODC-free solvents do not appear to be affected by long duration storage conditions. Solvent concentrations in and adjacent to threaded holes do not appear to change significantly from short duration to long duration conditions. The variability in solvent surface concentration resulting from the vacuum solvent removal technique appears to outweigh those from the short vs. long duration storage conditions.
Results from the corrosion evaluation showed no signs of grease breakdown or saltwater intrusion of any of the evaluated solvents.
NOZZLE BACKFILL JOINT CLEANING
Results of the solvent intrusion testing are shown in Figure 6 .
Results of the backfill RTV sealant adhesion are shown in Table 8 . 
